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The results of cold cathode TPI1-10k/50 thyratron parameters at voltage up to 50 kV, current up to 10 kA and 
pulse duration of hundred ns are described. The optimal parameters of thyratron power supply and pulse driver had 
been found. The jitter and thyratron own rise time as a function of load resistance has been find. The thyratron life 
time test data are cited.
PACS: 29.17.+w
1. INTRODUCTION
Hollow cathode high-current thyratrons using a low 
pressure pulsed spark (so-called pseudospark switches) 
attract  the  great  attention  [1,2].  These  thyratrons  are 
considered as an alternative to common used high-volt-
age heated hydrogen thyratrons especially for high-cur-
rent switching application with good stability and com-
paratively small average device current.
Fig.1. The basic circuit of pulse generator with TPI-
type thyratron. A –anode, Gr – gradient electrode, G –
grid, С –cathode, Pr – pre-ionization electrode, UH – 
hydrogen heater
By an  electrode  system construction  the  TPI-type 
hollow  cathode  thyratron  looks  similar  to  a  foreign 
2-section heated hydrogen thyratron, they both have an-
ode, cathode, grid and pre-trigger electrode (Fig.1). The 
basic TPI-type thyratron distinction is the application of 
the spark in the special constructed cold hollow cathode, 
which is a charged particles source. The hollow cathode 
provides  the  homogeneous  gas  density  distribution 
around  the  thyratron  value  that  results  in  the  small 
switching time. This also makes the device construction 
easier, there is no need to use the auxiliary power and 
heater supply, so thyratron cooling system can be elimi-
nated at a small pulse repetition rate.
The hollow cathode thyratron advantages described 
above allow studying their availability for pulse genera-
tors  providing  single  pulses  up  to  40 kV,  10 kA  at 
300 ns flat top duration with a reverse voltage applied to 
the  switch  after  a  forward  current  pulse.  Thyratrons 
TPI1-10k/50 are the most satisfactory devices for such 
generators. There are no experimental data on thyratrons 
TPI1-10k/50  under  required  conditions,  so the  proper 
investigations have been performed. The test results are 
described below.
2. THE THYRATRON SWITCHING PARAM-
ETERS RESEARCH
For  measuring  the  thyratron  switching  parameters 
(switch-on time, jitter) the circuit presented in Fig.1 was 
used. The storage capacitance C0 is discharged through 
the thyratron on the active load RL. The hydrogen heater 
voltage  (UH),  direct  and pulse  pre-ionization currents, 
and grid voltage dU/dt influence on switching parame-
ters were studied. The tests were performed at the 40 kV 
anode voltage at 2, 5 and 10 kA anode current values. 
The current value was set by TVO-60 resistors assemble 
varying. The own inductance of discharge circuit C0-RL 
was estimated as 10 nH.
2.1. THE TRIGGER GENERATOR PARAME-
TERS INFLUENCE ON THE THYRATRON 
SWITCHING
A two-pulse trigger scheme recommended by thyra-
tron developers was used to provide reliable thyratron 
operation (Fig.1).  The pre-ionization electrode is  sup-
plied  with  a  direct  auxiliary  discharge  voltage 
UDAD=0.8...1.5 kV and a pulse auxiliary discharge volt-
age UPAD=1...3 kV.  The grid  is  supplied with a  direct 
bias voltage Ubias= ─ (100...200) V and a trigger pulse 
voltage Utrig=2...6 kV.
There is a time delay (Tdel) between the pre-ioniza-
tion pulse and the trigger pulse. The influence of Tdel on 
the thyratron switching-on process was studied. Eventu-
ally it was set at 800 ns. The shortening of this time re-
sults in an increase of the grid-cathode gap over-voltage 
appeared  at  the  thyratron  switching-on  moment.  The 
further extension of Tdel does not give visible results.
Also the rate of Utrig rise influence on the thyratron 
switching parameters was considered. The operational 
rate of Utrig rise was 7 kV/µs, the increase of this value 
by  1.6  did  not  provide  any  noticeable  change  of  the 
thyratron commutation parameters.
2.2. THE UH INFLUENCE ON THE THYRATRON 
SWITCHING PARAMETERS
Similarly to heated hydrogen thyratrons the proce-
dure  of  UН optimal  operating  point  search  is  called 
“ranging”  [3].  The  UН value  providing  spontaneous 
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thyratron switching-on is called a high level of the UН. 
The UН value, at which the pre-ionization spark quench-
ing is observed, is called a low level of the UН.
Fig.2. The thyratron switching-on jitter. IT – anode cur-
rent, UL – load voltage jitter. Time scale: 10 ns/div;  
voltage scale: 4500 V/div; current scale: 1800 A/div
2.2.1. UH AND THE TIME OF THE SPARK EVAL-
UATION IN THE GRID-CATHODE GAP
The time of the spark evaluation (TSE) in the grid-
cathode gap is measured from the beginning of trigger 
pulse  to  the  beginning  of  the  anode  current.  The  in-
crease of UН by 0.1 V leads to the shorting of TSE on 
10 ns in average. When UН is close to the high level, the 
TSE is about 30…70 ns for the different samples.
2.2.2. THE UH INFLUENCE ON THE THYRATON 
JITTER AND THE SWITCHING-ON TIME
The increase of UН from the low to the high level 
leads to some improvement of the thyratron switching-
on jitter. At the UН closed to the high level the jitter is 
about 5…10 ns for the different samples. Fig.2 shows 
the RL voltage curves  describing the jitter  of  the one 
TPI1-10k/50  sample.  The  curves  were  taken  at  the 
10 kA anode current and constant UН.
It is also seen that the thyratron switching-on time 
(the anode current rise time) is shortening along the UН 
increase.  For  example,  the  switching-on  time  of  the 
thyratron sample N3 (one of the best in regards to the 
switching parameters) was shortened from 45 down to 
38 ns (measured at 10…100% signal level) or from 70 
down to 58 ns (at  0…100% level)  while  the UН was 
driven from the low to the high level.
2.3. THE DIRECT AND PULSE PRE-IONIZA-
TION CURRENT INFLUENCE ON THE 
SWITCHING PARAMETERS
During the increase of the direct pre-ionization cur-
rent  (IDAD)  the  Pr-cathode  gap  breakdown voltage  re-
duces; then it results in the grid-cathode gap breakdown 
voltage rise up and, finally, the TSE grows up by 100 ns 
and even more. With the IDAD decrease the stable thyra-
tron  operation  with  the  small  value  of  TSE could  be 
achieved. The IDAD value which provides the large TSE 
value could be called an IDAD high level. From the other 
hand, the IDAD value, which leads to the dynamic pre-
ionization spark quenching that follows the Pr-cathode 
gap voltage increase during the thyratron non-conduct-
ing period, could be called an IDAD low level. As a result, 
for each of three tested thyratrons the proper IDAD value 
was chosen between 7 and 14 mA.
The  pulse  pre-ionization  current  (IPAD)  also  influ-
ences the switching-on parameters. While the IPAD is in-
creased,  the  grid-cathode  and  Pr-cathode  gaps  spike 
voltages at  the beginning of the switching are getting 
smaller. The higher IPAD values with the amplitude up to 
3...5 A  provide  the  thyraton  switching-on  by  the  pre-
ionization pulse UPAD. From the other hand, the IPAD de-
crease leads to a small jitter growth. Each sample has its 
own optimal IPAD value.
3. THE THYRATRON VOLTAGE DROP 
TEST
There  was  the  necessity  to  measure  the  thyratron 
voltage drop (UT) with the accuracy of about tens volts 
during 300 ns width, 10 kA current pulse switching. For 
such test  the pulse forming network discharge on the 
matched load ~ 2 Ohm was used.
Fig.3. The thyratron voltage drop depending on the an-
ode current. 1 – anode current, 2, 3 and 4 – anode-
cathode voltage at 2, 5 and 10 kA anode current
The thyratron voltage drop at the switching period 
was correctly enough measured by a capacitive probe 
with a bandwidth up to 200 MHz. An additional resis-
tive probe provided a true zero position of the capacitive 
probe signal. Fig.3 presents the thyratron voltage drop 
test results. At 2 kA anode current the UT is ~600 V on 
the flat top of the pulse, at 5 kA UT is ~800 V, at 10 kA 
UT is ~1200 V. The oscillating form of the signal with 
the reverse spike is explained by a significant inductive 
part of the anode-cathode impedance.
4. THE REVERSE VOLTAGE THYRATRON 
ELECTRICAL STRENGTH
In  the supposed regime of  operation the  thyratron 
may be connected with the reverse pulse voltage applied 
to the anode just after the forward current conductivity 
period. It is important to know the thyratron behavior 
when the reverse 300 ns width 20 kV voltage pulse is 
applied to the anode with the delay 0.5…10 µs after the 
forward 300 ns width 8 kA current pulse has been driv-
en. If the delay is small enough, the reverse breakdown 
occurs.  Table  presents  the reverse  breakdown voltage 
(Urb) depending on the time delay measured from the 
forward  pulse  current  beginning  to  the  anode reverse 
voltage  pulse  beginning.  The  data  are  presented  for 
three tested thyratrons TPI1-10k/50 (N1,N2,N3). As can 
be seen from the table, the 20 kV reverse voltage thyra-
tron electrical strength is safely restored during 7…8 µs.
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The reverse breakdown voltage depending on the 
time delay
T, µs Urb N1, kV
Urb N2, 
kV
Urb N3, 
kV
0.5 ~8
2 ~15…18 ~14 ~14
3 ~15…18 ~14 ~19…20
4 ~15…18 ~14 >20
5 ~15…18 ~14 >20
6 >20 ~14 >20
7 >20 >20 >20
8 >20 >20 >20
5. THE LIFE TIME TEST
The thyratron developers have pointed out that the 
thyratron total switching charge is up to  106 Coulomb. 
To estimate the life time of the thyratron operating with 
the current up to 10 kA the following tests were done.
5.1. THE ANODE CURRENT LIFE TIME TEST
The pulse  forming network charged at  40 kV was 
switched through the thyratron to the matched load. The 
10 kA pulse current with 300 ns flat top duration was 
switched. The pulse repetition rate was 2 Hz that per-
mitted avoiding the additional cooling. The total opera-
tion in the mentioned above regime achieved more than 
2·105 pulses or approximately 103 Coulomb. There were 
no visible changes in the thyratron operation during the 
test.
5.2. THE HYDROGEN RESERVOIR LIFE TIME 
TEST
The total thyratrons exploitation period started from 
the delivery time has achieved 12 months. The most no-
ticeable changes of the hydrogen reservoir (HR) param-
eters were checked during first 6…8 months of the ex-
ploitation.  The  further  changes of  the  HR parameters 
were insignificant. By the way, it means that the “rang-
ing”  procedure  driven  with  the  TPI-type  thyratrons 
should be done regularly.
6. CONCLUSION
The  hollow  cathode  thyratrons  TPI1-10k/50  have 
several  advantages  comparing to  the heated hydrogen 
one:
- no need to use the additional systems connect-
ed with the cathode heater;
- small dimensions;
- fast switching-on;
- switching of the high pulse currents;
- small times of electrical strength restoration.
One  should  notice  the  disadvantages  pointed  out 
during  the  thyratrons  TPI1-10k/50  exploitation  which 
could be overcame in the further constructive designs, 
namely:
- a sufficient change of the HR parameters dur-
ing the first months of the exploitation;
- some discrepancy of the measured jitter data 
with the passport ones.
Also taking into account the specific reverse voltage 
requirements, it is likely to increase the breakdown val-
ue of the reverse voltage applied to the anode after the 
forward current  switching.  As  a  whole,  one  can  con-
clude that the TPI-type thyratrons, in particular TPI1-
10k/50,  are  supposed  to  be  the  strong  alternative  to 
modern high-current switches overriding them by many 
parameters.
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ИССЛЕДОВАНИЕ ПАРАМЕТРОВ ТИРАТРОНОВ С ХОЛОДНЫМ КАТОДОМ ТПИ1-10k/50 ПРИ 
НАПРЯЖЕНИИ ДО 50 кВ, ТОКАХ ДО 10 кА, ПРИ ДЛИТЕЛЬНОСТЯХ ИМПУЛЬСОВ СОТНИ НА-
НОСЕКУНД
А.В. Акимов, П.А. Бак, И.В. Казарезов, А.А. Корепанов
Описаны результаты исследований параметров тиратронов с холодным катодом ТПИ1-10k/50 при напря-
жениях до 50 кВ, токах до 10 кА и длительности импульсов сотни нс. Выявлены оптимальные параметры 
импульса запуска и питания тиратронов, измерена длительность фронта импульса, обусловленная тиратро-
ном, в зависимости от сопротивления нагрузки, временной разброс импульса тока относительно импульса 
запуска. Проведены ресурсные испытания. 
ДОСЛІДЖЕННЯ ПАРАМЕТРІВ ТИРАТРОНІВ З ХОЛОДНИМ КАТОДОМ ТПИ1-10k/50 ПРИ 
НАПРУЗІ ДО 50 кВ, СТРУМАХ ДО 10 кА, ПРИ ТРИВАЛОСТІ ІМПУЛЬСІВ СОТНІ НАНОСЕКУНД
А.В. Акімов, П.А. Бак, І.В. Казарезов, О.А. Корепанов
Описано результати досліджень параметрів тиратронів з холодним катодом ТПІ1-10k/50 при напрузі  до 
50 кВ, струмах до 10 кА і тривалості імпульсів сотні нс. Виявлено оптимальні параметри імпульсу запуску і 
живлення тиратронів, обміряна тривалість фронту імпульсу, обумовлена тиратроном, у залежності від опору 
навантаження, часовий розкид імпульсу струму щодо імпульсу запуску. Проведено ресурсні випробування.
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